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INTRODUCTION 
When ultrasonic waves are reflected from acoustic dis-
continuities in materials, the shape of these echoes remains basically 
the same. The amplitudes and the arrival times of these pulses, 
however, will vary. Accordingly, to characterize the location and the 
severity of the flaws, one only needs to describe each reflected echo 
by two representative parameters: the time-of-flight values and the 
maximum amplitudes of the reflected echoes. Making use of the special 
characteristics of these two parameters, new testing procedures are 
introduced in this study to size flaws that are parallel to the sample 
surface and to detect defects in acoustically noisy materials. 
In the case of detecting defects under random noise condition, 
one generally uses time averaging technique to improve the signal to 
noise ratio. However, under conditions where noises are coherent in 
nature, time averaging technique becomes ineffective. For example, in 
the case of detecting defect in austenitic materials, signals 
reflected from grain boundaries are coherent in nature and cannot be 
rerroved by time averaging technique. In this study a lateral spatial 
averaging technique is introduced to increase the detectability of 
defects in austenitic weld overlay specimen. 
For flaws that are parallel to the sample surface, one 
usually uses a straight beam to evaluate the size of the defects. If 
the defects are much larger than the ultrasonic beam field, then one 
usually uses the conventional 6 dB drop technique to estimate the size 
of the flaw. However, if flaw sizes are comparable or even smaller 
than the ultrasonic beam field, the above technique will not be able 
to give a resonable size estimation. In this investigation, we 
implement a small angle B-scan technique to map out the boundary of 
the planar flaws. Additionaly, a computer based echo identification 
technique is used to visualize the flaw profile, and the time-of-
flight locus curves is used to evaluate the size and depth of the 
defects. 
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Figure 1. The schematic diagram of the PC-based ultrasonic data 
acquisition and processing system. 
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Figure 2a. The RF ultrasonic signals received by the ultrasonic 
transducer. 
b. The characteristic ultrasonic parameters for the above 
RF signals after signal processing. 
THE PC-BASED SIGNAL PROCESSING SYSTEM 
Figure 1 is the schematic diagram of the PC-based ultrasonic 
data acquisition and processing system developed in our laboratory for 
defect sizing and characterization. During data acquisition, 
ultrasonic probe is scanned at 0.4 mm step along the sample surface. 
At each scan position, RF ultrasonic echo train as shown in figure 2 
is received by the ultrasonic transducer. By setting a proper time 
gate, ultrasonic B and C scan displays can be obtained in our present 
system for defects evaluation. In most of our work, highly damped 
ultrasonic transducers are used to launch ultrasonic wave into the 
materials. Fran figure 2a, we can see that such RF signals are 
characterized by their local maxima and side peaks. Therefore, to 
assist defect sizing and characterization, a peak pattern recognition 
algorithm is implemented in our PC-based system to canpress the 
received RF reflected echoes. For example, after signal processing the 
full RF signal train will be converted into a series of discrete peaks 
as shown in figure 2b. When these discrete signals are plotted in the 
form of time-of-flight versus transcucer positions, the peak 
amplitudes arrange themselves in the form of hyperbolic lines [1,2]. 
Making use of the fact that each hyperbolic line corresponding to a 
particular reflector, one can then perform defect sizing and 
characterization by isolating each diffraction curve from the back 
ground signals by proper digital filtering. 
AMPLI'IUDE LCXlJS CURVES ( ALC ) AND MATERIALS NOISE 
In this study a lateral spatial averaging technique is 
introduced to increase the detectability of defects in aooustically 
noisy materials. The prerequiste for this analysis is that the 
reflective facets along the grain boundary and bimetal interface are 
randanly orientated. Moreover, the dimension of these scattering 
sources are canparatively less than that of planar defects. 
Additionally, we also assume that the lateral profile of the defects 
changes only gradually. That is, during consecutive ultrasonic line 
scans, echoes resulting from the reflection from the same defect 
should appear at about the same probe position as shown in figure 3. 
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Figure 3. The ALC signal processing technique. 
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Figure 4. Schematic of the overlay specimen. 
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Figure Sa. Superposed AIJ2 data for the overlay specimen. 
b. Lateral averaging result of four consecutive line scans. 
For this work, a 4 MHz 1/4" 45 degree probe is used to detect 
defects in materials. Figure 4 is the amplitude locus curve of an 
overlay sample as shown in figure 5. Clearly there are several large 
reflected signals appear in the line scan display. However, there is 
only one defect in the specimen, some of the large reflected signals 
must be due to grain and bimetal interface scattering. If the lateral 
dimension of the defects is larger than that of the background 
scattering sources, and if the planar defect has a known orientation, 
one can, in principle, perform lateral spatial averaging using the RF 
echo train. However in field inspection one can only guess, fran 
experience, the probable orientation of the planar defect. Hence, when 
inspecting the same target fran adjacent positions, the time-of-flight 
of the corresponding echoes can be time shifted by a significant 
arrount. Therefore, performing lateral spatial averaging using 
conventional signal processing techniques may even corrupt the signal 
to noise ratio. 
In this investigation we found that the amplitude locus curves 
are much less sensitive to the slight variation of the defect 
orientation, and it will not phase cancel itself by lateral spatial 
averaging. Consequently, defect signal would be enhanced by performing 
the Aif2 lateral averaging technique. Figure 5 shows the averaging 
result of four consecutive AIJ2 line scan data. As would be expected, 
the sumnation of the randan back gound noises will srrooth out the 
scattering signals fran the grains and bimetal interfaces. And the 
presence of discontinuity in materials is clearly revealed in this 
figure. 
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Figure 6. Ultrasonic signals reflected from a planar flaw. 
SMALL ANGLE B-SCAN 
In many circumstances, flaws can occur parallel to the sample 
surface. For example, hydrogen induced degradation of carlxln and low 
alloy steel can lead to the formation of internal cracks parallel to 
the rolled surface of the material. These flaws can be present in the 
form of discrete cracks or in the form of clusters. The relative 
position of the cracks and the dimension of these cracks would 
influence whether cracks will connect together and form an 
effectively large stepwise crack. Consequently, a knowledge of the 
actual size and location of the cracks are of utmost importance when 
one needs to assess the remaining life of these components and parts 
[ 3]. 
Traditionally, one uses ultrasonic C-scans to map out the 
extent of the damaged area. The size of the flaws are then estimated 
by the strength of the reflected echoes. However, for flaw size that 
is comparable to the diameter of the transducer, conventional 6 dB 
drop method beccmes inaccurate. Therefore, rrore advanced ultrasonic 
signal evaluation technique is needed. Fran figure 6 one sees that as 
the transducer scans through the specimen surface, there are two types 
of ultrasonic signals reflected fran the defect surface [4,5]. The 
corner diffraction signals and the surface back scattered signals. 
Thus by selecting a proper incident angle, one can use the 
characteristic corner diffraction signals to estimate flaw size, and 
the surface back scattered signal to identify flaw plane and depth of 
the defect. 
To evaluate the effectiveless of using small angle B-scan 
to estimate the size of planar flaws, highly damped 10 MHz 1/2" 
diameter ultrasonic transducer is used in this study. Figure 7 shows 
B-scan image for the 1 degree incident angle experiment. As can be 
seen in this figure, the depth profile, the relative shape and size 
information is clearly revealed in the resulted image. However, the 
exact sizes are not clearly shown in this B-scan image. As the 
ultrasonic incident angle increases, the corner diffraction signals 
becane rrore and rrore significant. As shown in figure 9, the corners of 
the defects are clearly marked by the characteristic hyperlxllic lines. 
Thus the sizes of the defects can be precisely calculated by measuring 
the separation between the two corner diffraction curves. For this 
work, flaw sizes are estimated by a least square fit technique after 
signal pattern recognition (figure 11). Additionaly, the defect 
profile are also clearly marked by the back scattered signal reflected 
from the surface of the planar flaw. 
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Figure 7. 1 degree B-scan 
image. 
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Figure 9. 4 degree B-scan 
image. 
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Figure 8. Specimen for the 
B-scan experiment. 
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Figure 10. Signal after echo 
identification. 
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Figure 11. Signal after pattern recognition. 
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Figure 12. Flaw sizes estimated by small angle B-scan technique. 
Figure 12 shows results of using a 10 MHz ultrasonic 
transducer to evaluate the size of planar flaws as shown in figure 8. 
In this investigation we found that the sizing capability of the 
present system is around 1 mm. For flaws that are less than 1 mm, the 
B-scan image can still reveal the presence of the corner diffraction. 
However, these signals are very weak, and our signal processing system 
is not capable of separating the two signals in order to give a 
reasonable size estimation. 
Fran the ultrasonic RF signals as shown in figure 6, we found 
that the corner b signal is 180 degrees out of phase with that of corner 
a. Consequently, to characterize a planar flaw, one can make use of the 
phase reversal characteristic of the ultrasonic signals. For example, 
as a transducer scans through a series of planar flaws, the time-of-
flight and amplitude parameters can be displayed in the form as shown 
in figure 13. The phase reversal feature of the two corner signals can 
then be used to identify the presence of this type of flaw in 
materials. 
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Figure 13. Phase reversal characteristic of the two corner signals. 
CONCilJSIONS 
Two new testing procedures have been presented which may be 
used to size and characterize flaws parallel to the surface of 
specimen and flaws in acoustically noisy materials. In this 
investigation, we found that planar flaws can be characterized by the 
back scattered signal and the phase reversal property of the two 
corner diffraction signals. Additionally, the size of this type of 
defect can be estimated by measuring the separation of the two 
diffraction curves. To detect flaws imbedded in acoustically noisy 
materials, AI£ lateral spatial averaging technique can be used to 
improve the signal-to-noise ratio. 
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